Introduction
Snakes have tubular and elongated bodies inside which cardiovascular system can be considered as a long fluidfilled tube [1, 2] . This morphology makes them liable to hemodynamic imbalances resulting from gravitational force changes such as things happen while climbing, or adopting vertical posture [1, [3] [4] [5] . There are some anatomical traits with which the snakes can frequently experience gravitational alterations, such as shorter heart to head distance [1, [5] [6] [7] , and relatively long tail [2, 6, 8, 9] .
Previous studies have clearly shown that when snakes are tilted in head-up position, they undergo circulatory disturbances resulting from increased hydrostatic blood pressure due to blood column formation above their heart [3, 5, 6, 10, 11] . Therefore, head raising behavior of cobra, which is commonly known as terrestrial species [7, 12] , predisposes the snake to blood column formation above its heart. So, cobra is expected to possess a number of features enabling it to overcome the hemodynamic perturbations. On the other hand, terrestrial vipers, in spite of being terrestrial, possess a number of morphological traits, such as low arterial pressure, tendency to suffer from passive blood congestion in hind part of the body, rather middle-located heart, long and vascularized trachea, and consequently lack of cardiovascular tolerance to upright posture, which are dissimilar to those of terrestrial species [1, 5, 7, 10, 13] .
A number of former studies have already indicated sexual dimorphism in external features of ophidian body [14] [15] [16] [17] [18] [19] . Nevertheless, to the best of our knowledge, few studies have focused on sexual differences in visceral organs [20, 21] , such as heart, and their possible effects on cardiovascular system. Therefore, we conducted the current research in order to study the biometrical features in Naja oxiana (N. oxiana), Macrovipera lebetina (M. lebetina) and Montivipera latifii (M. latifii) concerning heart to head distance and tail length (TAL) , and their correlations with each of total body length, snout-vent length and body mass (BM), in males and females, in order to evaluate their importance in cardiovascular system, about which there is little information.
Materials and methods
In this research, we studied 23 [22] [23] [24] [25] . N. oxiana and M. lebetina were obtained from Khorasan Provinces, northeast of Iran, and M. latifii from Tehran Province, central parts of Iran. The snakes were fed with alive and dead rodents. The specimens studied in our research were of fresh mortalities obtained from the Serpentarium. They all were studied on a table covered with plastic, and the measurements were carried out by the same person and the same measuring instruments. Each specimen was weighed with a digital scale (A&D EK-1200 i NTEP Jewelry Buyer Scale, USA). Afterward, it was placed on the dorsal side on a piece of plastic on a table, and the distances from the tip of snout to vent (snout-vent length, SVL) and to tip of tail (total length, TOL) were accurately measured by a measuring tape, and noted down. Then, the ventral side was dissected with a pair of scissors so that the whole heart was exposed. Next, the distance between the tip of the snout to the base and apex of the heart was measured. The average of the distance between the base and apex from the snout was considered as the heart place (HPA). Subsequently, the sex was detected by dissecting genital area. In order to compare the HPA in the species of our research, and also to compare them with findings of previous studies, we reported HPA relative to TOL (HT=HPA/TOL%). In addition, we reported percentage of TAL relative to TOL (TT=TAL/TOL%). Thus, we compared HPA (both absolute HPA and relative HT), TAL (both absolute TAL and relative TT) and their correlations with TOL, SVL and BM within the specimens of the current study, and in comparison with former studies. We used KolmogorovSmirnov test to assess normality of our dataset. As the dataset had normal distribution, the results were analyzed using Student's t test, and statistical significance was considered when P≤0.05 and P≤0.01.
Keeping procedure was based on Institutional Rules and Regulations for Keeping Laboratory Animals in Pasteur Institute of Iran. In the present research no euthanasia was performed whatsoever.
Results
In regard to sexual differences in N. oxiana, Table 1 indicates that TOL and SVL in males were longer than females. Also, males indicated longer tails than females, and the tail constituted more proportion of body in males. Absolute HPA was significantly anterior in females than males (P<0.05). Also, HT proved similar results indicating that heart relative to TOL was located more cranially in females. In N. oxiana, also, BM was more in males than females (Table 1 ). In M. lebetina males had longer TOL and SVL than females. In addition, Table 1 shows that TAL was significantly longer in males of M. lebetina than females (P<0.05). Moreover, TT was more in males. Either absolute or relative HPA in females of M. lebetina was significantly anterior compared to males (P<0.01). BM was more in females than males of M. lebetina (Table 1) . Table 1 , also, shows that concerning the differences between the total of N. oxiana and M. lebetina, TOL was more in N. oxiana than M. lebetina. However, SVL was longer in M. lebetina than N. oxiana. TAL, either absolute or relative, was significantly more in N. oxiana than M. lebetina (P<0.01). In addition, both absolute and relative HPA were significantly anterior in N. oxiana than M. lebetina (P<0.01). M. lebetina had significantly more BM than N. oxiana (P<0.01) ( Table 1) . Regarding the biometrical features in M. latifii, because there was only one male sample, no statistical analysis was considered.
However, a general comparison shows that M. latifii had shorter TOL, SVL and BM than the two other species. TAL and TT in M. latifii, slightly similar to those of M. lebetina, indicated shorter tail than N. oxiana. Furthermore, heart place in M. latifii was rather similar to that of M. lebetina indicating posterior heart location than N. oxiana (Table   1 ).
With respect to the correlations, Table 2 shows that HPA had significantly positive correlation with TOL, SVL and BM in both N. oxiana and M. lebetina (P<0.01). Also, whereas HPA had a negative correlation with TAL in N. oxiana (P>0.01), it was positive in M. lebetina (P>0.01). In addition, HPA in both species had an insignificant negative correlation with TT. In N. oxiana, HT had a negative correlation with TOL. Conversely, it was positive in M. lebetina. Furthermore, HT in both species was positively correlated to SVL, and negatively correlated to TAL and TT. Moreover, while HT had a positive correlation with BM in N. oxiana, it was negative in M. lebetina. TAL had a positive correlation with TOL in both N. oxiana and M. lebetina (P>0.01 and P<0.01, respectively). In N. oxiana TAL was negatively correlated with SVL. On the contrary, it was positive in M. lebetina (P>0.01). In both species TAL was positively correlated with TT (P<0.01) and with BM. Additionally, TT had a negative correlation with TOL in N. oxiana while it was positive in M. lebetina. Also, in both species, TT had a negative correlation with SVL and BM (Table 2) . Table 2 Correlations between HPA and TAL, and other biometrics in N. xiana (n=14) and M. lebetina (n=23). 
Discussion

HPA and TAL
C oncerning anatomical mechanisms, a closer heart to head, and a longer tail are considered as anatomical features in snakes which are frequently subject to gravitational changes, such as scansorial snakes, to conquer the gravitational stress in vertical orientation [1, 6, 8, 26] . Cobras because of head raising behavior are liable to undergo a blood column formation above their heart, a situation like what scansorial snakes experience when adopting upright posture. In this respect, previous studies have clearly shown that when snakes are tilted in head-up position, they undergo circulatory alterations resulting from increased hydrostatic blood pressure [3, 6, 10, 11, 13] .
Because there was very little experimental data concerning HPA and TAL about N. oxiana, we compared our findings with terrestrial species, and with Naja kaouthia (N. kaouthia), Naja atra (N. atra), and Naja naja all of which are of terrestrial and Asiatic cobras [27] [28] [29] . This comparison indicated similarities between the HT of N. oxiana and each of terrestrial species, N. kaouthia, N. atra, and Naja naja. In this regard, HT in terrestrial species was reported 18.8%, 15.6%, and 23% by Seymour [13] , Gartner et al. [2] and Lillywhite et al. [7] , respectively. Also, HT in N. kaouthia and N. atra was reported 17.9% and 18.6%, respectively [7] . Furthermore, the results indicated that heart place in M. lebetina and M. latifii were comparable to that of viperids of the former studies. In this respect, HT in M. lebetina was reported 33.59% [7] , and in viperids was reported 33.3% [13] , and 25.5% [2] .
Seymour reported that HT in arboreal snakes was 17 .4% of body length [13] . Therefore, not only HT in N. oxiana was similar to typical terrestrial snakes, but also it was comparable to arboreal snakes.
Contrary to cobras, terrestrial vipers, in spite of being terrestrial, have indicated a number of physiological and Table 1 Comparison of biometric features among N. oxiana, M. lebetina, and M. latifii including males, females, and total (mean依SD anatomical features, such as middle-located heart, similar to that of aquatic species [4, 6, 7, 10, 13] . In [7, 13] .
TT in N. oxiana was fairly similar to each of terrestrial snakes, and N. kaouthia, and N. atra of Sheehy's report including 13 .47%, 14.6% and 14.1%, respectively, but different from arboreal snakes in Sheehy's research (27.6%) [26] . Similarly, Sheehy reported that TT in arboreal species was more than terrestrial species (13.47%) [26] . Moreover, tail in N. oxiana constituted more proportion of the body compared with M. lebetina and M. latifii. The results, also, indicated that M. lebetina possessed significantly shorter TAL and heavier body than N. oxiana (P<0.01). These findings are consistent with previous studies explaining that TAL in heavy-bodied terrestrial snakes, such as vipers, tend to be shorter than light-bodied species [26, 30, 31] . In this investigation, TAL and TT in M. lebetina and M. latifii were comparatively similar to their counterparts of viperidae, and that of terrestrial species of the former studies. On this point, TT in M. lebetina was reported 11.8%, 13.9%, 10%, 12.76% in previous studies [32] [33] [34] [35] . In addition, TT in M. latifii and terrestrial species was reported 8.87% [36] , and 13.47% [26] , respectively.
Correlations
There was a significant positive correlation between HPA and each of TOL, SVL, and BM (P<0.01) in both N. oxiana and M. lebetina i.e. along with increasing either TAL, or SVL, or BM, the absolute HPA is located more caudally, which is consistent with previous studies [2, 7, 13] . In addition, the current results showed that HT had insignificant positive correlation with SVL in both species i.e. the longer the SVL, the more posterior the heart is located (P>0.01). Also, in the present research HPA had a negative correlation with TAL in N. oxiana, while it had a positive correlation in M. lebetina (both species P>0.01). Moreover, in both species, HPA and HT both had negative correlation with TT (P>0.01). This slightly indicates that in these two species, the longer the tail constitutes the body length, the more forward the heart is located. In this respect, Badeer proposed that the position of heart may be related to the location of the hydrostatic indifferent point (HIP, or zero pressure point) and its effect on the filling of the heart, because an upper HIP provides the heart with positive pressure and adequate blood filling [37] . Badeer also described that HIP in arboreal snakes in vertical orientation moves upward when the lower part of the body contains less compliant tissues, and when the body is slender. However, none of the three species in our study are known as arboreal. Nevertheless, Lillywhite and Seymour suggested that HIP is just a variable not a constant, which means HIP is complied with compliance and vasoconstriction of posterior vessels [9] . Therefore, in the present study, the insignificant correlations found between both HPA and HT, and TT (P>0.01) can be justified. In addition, whereas HT was negatively correlated with TOL in N. oxiana, it was positively correlated with TOL in M. lebetina (both P>0.01), which was consistent with findings of Seymour [13] , and Lillywhite et al. [7] , regarding the differences between terrestrial species and viperids.
Regarding the correlations between TAL and other biometrics, TAL in both N. oxiana and M. lebetina increased with TOL and BM (P>0.01). Also, whereas TAL decreased with SVL in N. oxiana, it increased with SVL in M. lebetina (both P>0.01). Additionally, TT in both groups had an insignificant negative correlation with SVL and BM (P>0.01), and a significant positive correlation with TAL(P<0.01). The latter is consistent with Sheehy explaining that HT is positively correlated with TAL [26] . In our research, TT also decreased with TOL in N. oxiana. In contrast, it increased with TOL in M. lebetina (both P>0.01).
Sexual differences
With respect to sexual differences, our findings evinced that TOL, TAL, and SVL in males were more than females, in both groups N. oxiana and M. lebetina (P>0.05). Also, more TT in males indicated that tail constituted more proportion of the body length in them than females. In addition, whereas males had more BM in N. oxiana, females were slightly heavier than males in M. lebetina. Some studies have reported that males of species in which male-male combat has been recorded, tend to grow more than females. Moreover, male-male combat has been reported in both N. oxiana and M. lebetina [14, 16] . Other studies have also indicated that tail in males is typically longer than females, which may stem from the need for enough space for hemipenes, and/or a device for wrestling over mating competition [16, 20, 26, 38] . In accordance with the present results, tail in N. oxiana was significantly longer than that of M. lebetina. Also, whereas the difference of TAL in M. lebetina between males and females was statically significant (P<0.05), it was not significant in N. oxiana
In this study, relative SVL to body length in females was slightly more than males, approximately 84.23% and 83.36% in N. oxiana, and 88.9% and 88.12% in M. lebetina, respectively. Similarly, King proposed that females because of the need for reproductive space typically have larger SVL [30] .
HPA variety between males and females has hardly ever been reported in snakes. The findings of the current study, however, for the first time showed that HPA, either absolute or relative, in females was located anterior compared to males in both N. oxiana and M. lebetina. Even though SVL constituted more proportion of the body in females than males, the heart location in females was anterior compared to males in the current study. Given the cardiac displacement in snakes on the one hand [11, 40] , and the more massive visceral organs in females than males [20] , on the other hand, it is likely to justify the anterior HPA in females.
It is noteworthy that an anterior heart has some downsides such as problems in venous return, because the heart would be farther than posterior part of the body. This problem can be obviated by long tail associated with tight integument, and more peripheral resistance [1, 4, 5] . Hence, we can suggest that in an identical situation such as similar body length and mass, between a male and female of the same species, since the female has shorter tail, and closer heart to head, compared to the male, and also considering cardiac displacement in snakes [11, 40] , the female is more vulnerable to hemodynamic disturbances resulting from gravitational alterations particularly in case of distention in visceral organs such as gravidity. Nevertheless, regarding HPA (but not TAL), Seymour believes that although the differences are statistically significant, since in snakes each centimeter difference in blood column formed above the heart only causes 0.77 mmHg blood pressure, the differences of the present research are biologically very small (R.S. Seymour, pers. comm). However, almost no study has so far regarded the differences between males and females in terms of ophidian cardiovascular responses to head-up tilt. Also, the studies have hardly ever grouped the snakes cardiovascular morphology based upon their sex. Thus, regarding the sexual differences reported in the present work, it is suggested that in ophidian cardiovascular studies, the animals be categorized based on their sex. Nevertheless, further investigations are required to assess the variation of feedback to head-up posture between male and female snakes.
Because HPA and TAL along with their relationship to the other biometrics in N. oxiana were to a great extent consistent with typical terrestrial snakes, we can conclude that more important mechanisms are needed to aid cobra to conquer circulatory disturbances while head raising behavior. Also, the current study showed that females of N. oxiana and M. lebetina had shorter heart-head distance and TAL than males. Thus, it is inferred that such features along with cardiac displacement in snakes probably make females more vulnerable to up-right posture especially in case of visceral organs distention such as gravidity. In addition, it is suggested that in ophidian cardiovascular studies the samples be grouped based on their sex.
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